Pain catastrophizing is conceptualized as a negative cognitive-affective response to anticipated or actual pain and has been associated with a number of important pain-related outcomes. In the present review, we first focus our efforts on the conceptualization of pain catastrophizing, highlighting its conceptual history and potential problem areas. We then focus our discussion on a number of theoretical mechanisms of action: appraisal theory, attention bias/information processing, communal coping, CNS pain processing mechanisms, psychophysiological pathways and neural pathways. We then offer evidence to suggest that pain catastrophizing represents an important process factor in pain treatment. We conclude by offering what we believe represents an integrated heuristic model for use by researchers over the next 5 years; a model we believe will advance the field most expediently. Keywords attention bias; chronic pain; communal coping; fMRI; helplessness; pain catastrophizing; painrelated surgery; pain sensitivity; primary/secondary appraisal Pain as a symptom -now considered the fifth vital sign -accounts for approximately 80% of physician visits and an estimated US$100 billion annually between healthcare expenditures and lost productivity [1] . Hence, understanding more definitively the correlates and determinates of pain and suffering is of central importance.
In this updated and comprehensive review of the pain catastrophizing research literature, we critically evaluate the pain catastrophizing construct, positioning catastrophizing in its historical context and detailing a number of unresolved, yet critical, conceptual and measurement issues. We then briefly describe relationships between pain catastrophizing and pain-related outcomes in a variety of samples. Subsequently, we explicate the dominant theories of pain catastrophizing and evaluate the current empirical status of each, then follow with a concise overview of the importance of pain catastrophizing in the context of pain treatment. Finally, we outline a 5-year view that highlights crucial next steps for research, presenting a novel heuristic integrative framework that acknowledges interdependence between the various leading theoretical constructs of pain catastrophizing.
Pain catastrophizing: conceptual & measurement considerations
The term catastrophizing was formally introduced by Albert Ellis [3] and subsequently adapted by Aaron Beck [4] to describe a mal-adaptive cognitive style employed by patients with anxiety and depressive disorders. At the core of their definitions of catastrophizing was the concept of an irrationally negative fore-cast of future events. Similarly, pain-related catastrophizing is broadly conceived as a set of exaggerated and negative cognitive and emotional schema brought to bear during actual or anticipated painful stimulation. In early studies, Chaves and Brown defined catastrophizing as a tendency to magnify or exaggerate the threat value or seriousness of pain sensations [5] , and Spanos and colleagues emphasized pain-related worry and fear, coupled with an inability to divert attention away from pain [6] . One important limitation of these early studies, however, was the use of nonstandardized interview methods to identify pain catastrophizing, which at least temporarily served as a serious impediment to its measurement.
Other researchers focused on the development of psychometrically sound self-report instruments that could be readily and reliably used with a variety of populations. The Coping strategies Questionnaire (CSQ), developed by Rosentiel and Keefe [7] , included a six-item subscale tapping dimensions of helplessness and pessimism in the context of pain. Sullivan et al. elaborated on the CSQ by developing the Pain Catastrophizing Scale (PCS) [8] , which incorporates items explicitly designed to assess other elements of catastrophizing. Initial factor analytic work indicated that the PCS yielded three second-order factors (i.e., helplessness, rumination and magnification). Figure 1 presents a graphical representation of the second-order three-factor structure of the PCS and the items comprising each factor. A number of studies have replicated this factor structure using confirmatory factor analytic methods in healthy, pain-free adults [9, 10] , chronic pain patients [10] , across different age groups [11, 12] and across diverse cultural groups, and in non-English languages [12] [13] [14] [15] [16] [17] . Moreover, the factor structure of the PCS appears to be invariant across sexes and across patient versus nonpatient status [10, 18] . An area of assessment that is currently underdeveloped is that considering the behavioral elements of pain catastrophizing. To date, there exists no manner of systematically assessing pain catastrophizing behaviors. Assessment of the behavioral dimensions of the catastrophizing construct would likely have important implications for more clearly characterizing the interpersonal consequences and determinants of catastrophizing.
Collectively, pain catastrophizing is characterized by the tendency to magnify the threat value of pain stimulus and to feel helpless in the context of pain, and by a relative inability to inhibit pain-related thoughts in anticipation of, during or following a painful encounter. The assessment of catastrophizing is typically obtained using the CSQ or the PCS. For each, participants are instructed to rate the extent to which they experience each item by recalling former experiences with pain. The PCS assesses three domains believed to comprise much of the pain catatastrophizing construct, while the CSQ only evaluates the helplessness dimension. Hence, the PCS can be considered a broader assessment of the catastrophizing construct than the CSQ. Where appropriate, we discuss possible limitations or advantages of using one or the other measure.
Trait (dispositional) versus state (situational) assessment
Although pain catastrophizing has most typically been conceptualized and assessed as a traitlike or dispositional variable, a handful of recent investigations have assessed pain catastrophizing in a state-like, situation-specific manner. Specifically, some studies have assessed catastrophizing in response to a specific painful encounter, such as laboratory-based noxious stimulation. This mode of assessing catastrophizing is in part theory driven and in part data driven. Regarding the former, initial conceptualizations of catastrophizing considered maladaptive thoughts to be latent and in need of a cue to become manifest [4] . Hence, trait measures of pain catastrophizing (e.g., the CSQ or PCS) may not adequately capture variance in pain report because the referent event is too distal to the moment of measurement. It has been argued that assessment of catastrophizing cognitions in response to a specific stimulus might account for greater variance in pain report than trait measures of catastrophizing. Indeed, some initial investigations supported this prediction, with measures of state pain catastrophizing (i.e., asking participants the extent to which they catastrophized during the painful event that just occurred) showing more robust correlations with pain (Campbell CM et al., Manuscript Submitted) [19] [20] [21] . However, a more recent study demonstrated that state pain catastrophizing was not related to pain threshold, pain tolerance or ratings of cold pain [22] .
There are a number of shortcomings associated with the state pain catastrophizing literature that are in desperate need of empirical attention. First, the validity and reliability of state pain catastrophizing measures has not been adequately established. The items included in our state pain catastrophizing measure tap only the helplessness and rumination dimensions of catastrophizing [21] . Moreover, for the purposes of this review, exploratory and confirmatory factor analyses were conducted on our state catastrophizing measure, and yielded a one-factor solution in each case. Second, correlations between state and trait measures of pain catastrophizing have ranged from small to moderate in magnitude [Campbell CM et al., Manuscript Submitted; [19] [20] [21] [22] . This pattern of relationships is somewhat troubling given that each measure is designed to assess the same underlying cognitive processes. Third, because state pain catastrophizing is assessed following painful stimulation, it is difficult to determine whether the stronger magnitude of relationship for state versus trait pain catastrophizing is not attributable in large part to confounding with the pain experience itself. Subsequent studies will need to carefully determine whether state pain catastrophizing is a construct apart from pain and its affective constituent. Lastly, although the argument has been thoughtfully advanced that pain catastrophizing might represent a type of latent construct, requiring sufficient activation to exert its effects (Campbell CM et al., Manuscript Submitted) [23] , support for this argument will need to be derived from moderational analyses that examine whether trait pain catastrophizing is related most strongly to pain outcomes only when the pain stimulus or painful event elicits a catastrophizing response (i.e., state catastrophizing). To our knowledge, such an analysis has not been conducted.
Construct redundancy
Pain catastrophizing is but one of a number of variables that tap into a negative pain schema, including pain anxiety, fear of pain and pain helplessness. Moreover, pain catastrophizing shares significant variance with broader negative affect constructs, such as depression, anxiety, anxiety sensitivity, worry and neuroticism [24] [25] [26] [27] . A handful of recent studies call into question the extent to which pain catastrophizing is conceptually distinct from these other measures.
It is commonplace to statistically control for depressive symptoms when investigating relations between pain catastrophizing and pain-related outcomes. Nevertheless, it must be kept in mind that catastrophizing shares elements in common not only with depression, but also with anxiety and its associated disorders, and perhaps anger and hostility as well. A recent investigation attempted to examine whether pain catastrophizing (assessed with the CSQ) is distinct from other constructs that tap negative affectivity in general, and negative cognitive-affective processes tied to pain more specifically [26] . Their results suggested that pain catastrophizing was strongly associated with a number of indices of negative mood, and accounted for minimal variance in pain outcomes above and beyond negative mood. These findings raise the possibility that pain catastrophizing is associated with exaggerated pain by way of negative affective states and/or dispositions, and suggest that additional studies should be conducted to continue to examine the uniqueness of the catastrophizing construct.
Another recent study indicated high correlations between fear of pain and pain catastrophizing (r = 0.45), and indicated that when both variables were considered simultaneously in regression models, only fear of pain predicted cold pressor pain threshold and intensity [28] . Sullivan and colleagues found a somewhat different pattern of findings in an experimental study among healthy pain-free participants, and in a clinical study among patients with pain [29] . Strong relationships were noted between fear of pain, catastrophizing, and state and trait anxiety; however, only pain catastrophizing predicted pain intensity. Interestingly, only the Sullivan et al. study employed the PCS [29] , whereas the other two studies employed the CSQ to assess catastrophizing, making direct comparisons across studies difficult [26, 28] .
In summary, there are some conflicting evidence as to the uniqueness of the pain catastrophizing construct above and beyond negative affectivity in general, or with regard to other negative pain-related cognitive process variables, such as fear of pain. Nonetheless, substantial empirical evidence highlights the importance of pain catastrophizing in shaping the experience of acute and chronic pain.
Association of pain catastrophizing with pain-related outcomes
Pain catastrophizing has been associated with a number of indices of pain sensitivity in the context of experimental pain testing paradigms, both among healthy, pain-free participants and individuals with various chronic pain conditions [30, 31] . The literature also points to consistent and generally robust associations observed between pain catastrophizing and an array of clinical pain-related outcomes, including measures of clinical pain severity, pain-related activity interference, disability, depression (and other negative mood indices) and alterations in social support networks [30, 31] . Moreover, catastrophizing has been linked to increased behavioral expressions of pain, as well as a variety of illness behaviors (e.g., more frequent visits to healthcare professionals). It is important to note that the magnitude of these relationships is variable, with catastrophizing accounting for minimal variance in pain severity in some studies, and up to 31% of the variance in pain severity in others [30] .
Importantly, pain catastrophizing is also related prospectively to adverse pain-related outcomes [30, 32, 33] . Indeed, pain catastrophizing-assessed presurgery has been shown to account for significant variance in postsurgical pain ratings, narcotic usage, depression, pain-related activity interference and disability levels [34] [35] [36] [37] [38] [39] [40] [41] . As indicated earlier, pain catastrophizing has been cross-sectionally and prospectively linked to exaggerated negative mood and depression. This is perhaps a critical observation, given that chronic pain is associated with high rates of suicide [42] ; indeed, a study by Edwards et al. suggested that pain catastrophizing was related to increased suicidal ideation in a large sample of chronic pain patients [43] .
In summary, pain catastrophizing has emerged as a rather potent predictor of a variety of painrelated outcomes, both in pain-free and chronic pain patient samples. We next address some of the postulated mechanisms by which pain catastrophizing might be associated with adverse outcomes (Table 1) .
Theoretical mechanisms of action & supporting evidence

Appraisal theory
Some have framed pain catastrophizing in the context of Lazaraus and Folkman's transactional model of stress and coping [44] , at the core of which are the notions of primary and secondary appraisals. These appraisal processes act in a transactional manner to shape the cognitive and behavioral coping strategies that are ultimately deployed. Primary appraisal concerns judgments regarding whether a potential stressor is irrelevant, benign-positive or stressfulnegative. Secondary appraisals are beliefs about coping options and the extent to which they will be successful or not. According to Severijns and colleagues, magnification and rumination may reflect a focus on and evaluation of a painful stimulus as extremely threatening (primary appraisal), whereas helplessness may reflect secondary appraisals of inability to cope [45] . Whether these components of catastrophizing work interactively to predict behavior has not been examined in a systematic fashion, but certainly would represent an exciting avenue for future research. Even so, there are threads of evidence suggesting that catastrophizing is associated with other appraisal processes, such as self-efficacy concerning one's ability to control their pain [30] .
Attention bias/information processing
Some researchers have proposed that pain catastrophizing might be characterized by attention and information processing biases analogous to those observed in individuals with anxiety and depressive disorders [46] . Specifically, it has been argued that pain catastrophizing amplifies the experience of pain via exaggerated attention biases to sensory and affective pain information. Indeed, pain catastrophizing is rooted in traditional cognitive-behavioral conceptualizations of anxiety and depression, and is characterized substantially by a relative inability to suppress or inhibit pain-related cognitions. To date, numerous laboratory-based attentional, information-processing and classical conditioning paradigms have provided empirical support for attention bias as a key cognitive mechanism underlying adverse outcomes associated with pain catastrophizing.
Even in noncatastrophizers, pain demands attention, interrupts ongoing activity and interferes with mental processes [46, 47] . These attentional and behavioral consequences of pain are largely adaptive, given that pain signals threat. However, in persons who tend to catastrophize, pain might demand attention to the point of cognitive and behavioral immobilization.
Van Damme and colleagues used a cueing paradigm to determine whether pain catastrophizers evince exaggerated attentional engagement, retarded attentional disengagement or both, to pain [48, 49] . Their data indicated that pain catastrophizing was associated with retarded disengagement from both pain cues and painful stimuli, suggesting that either the threat of pain or pain itself may engage negative pain schemas most readily among high pain catastrophizers, similar to processes that occur in patients with phobias or depressive disorders. Interestingly, their findings also suggested that pain catastrophizers were relatively unable to utilize disconfirming evidence that pain cues were not necessarily followed by pain experiences, indicating that those high in pain catastrophizing may overestimate the probability of experiencing pain. These data dovetail with clinical findings suggesting that graded exposure to movement in chronic low back pain is sometimes inefficacious for pain catastrophizers [50] , perhaps because they are unable to assimilate evidence that pain does not necessarily follow movement.
The aforementioned studies suffered from a lack of concurrent administration of measures tapping similar pain-related and unrelated negative mental sets that also might be related to exaggerated attentional interference. For example, fear of pain has been linked to an attentional bias for pain-relevant stimuli using modified Stroop [51] , dot-probe [52] and attentional interference [47] paradigms. Vancleef and Peters examined performance on an auditory discrimination task during electrocutaneous stimulation, and correlated performance with measures of pain catastrophizing, anxiety sensitivity and injury/illness sensitivity [53] . While the three measures were highly intercorrelated, with r values ranging from 0.49 to 0.67, only pain catastrophizing was correlated with attentional interference, defined as performance decrements on the auditory discrimination task during electrocutaneous simulation. By contrast, a recent study by Vangronsveld et al. using a dual task paradigm found that neither pain catastrophizing scores nor other conceptually relevant variables were associated with attention interference in neck pain patients or controls [54] . However, a restricted range of catastrophizing scores in their sample may have obscured relations between catastrophizing and attentional interference. Using a structural equations approach, Goubert et al. found that neuroticism -a measure of negative affectivity -was related to pain vigilance through its association with pain catastrophizing [55] .
It is also possible to manipulate attentional processes, as in a study by Michael and Burns, who examined the effects of different 'styles' of processing information on relationships between pain catastrophizing and cold pain sensitivity [56] . Following an initial 'typical' cold pressor task, during a second cold pressor, participants read aloud a list of control words (e.g., desk), pain-sensory words (e.g., burning) or pain-affect words (e.g., irritating). Given that catastrophizers may exaggerate the negative affective elements of pain via their negative and affectively-tinged mental set, it was expected that reading affective stimulus words would lead to increases in pain sensitivity proportional to the degree of catastrophizing. Indeed, in the affect focus condition, higher levels of pain catastrophizing were associated with decreased pain threshold and tolerance from the first to the second cold pressor. This relationship was not observed in control and sensory focus conditions. In summary, preliminary studies using diverse experimental methods have suggested that pain catastrophizing is associated with a heightened attentional bias to pain-relevant stimuli (perhaps its negative affective element in particular) and an inability to disengage from pain or pain cues. However, none of these studies has examined systematically whether catastrophizing is associated with an attention bias distinct from other constructs denoting painrelated negative mental sets, such as fear of pain and pain anxiety. Moreover, only one of the aforementioned studies controlled for depression in analyses. It will be crucial to determine whether pain catastrophizing is associated with attention bias to pain-related stimuli above and beyond mere negative emotionality.
Catastrophizing in a communal context
Sullivan and colleagues advanced a communal coping model, suggesting that catastrophizing represents an interpersonal style of coping with pain and suffering [30] . The model hinges on the notion that catastrophizing represents a behavioral coping strategy employed by individuals experiencing pain to elicit emotional and/or tangible support from others, thereby positively reinforcing pain and illness behaviors and undermining successful adaptation to pain.
A number of studies have provided support for the communal coping model. In a sample of patients with gastrointestinal cancer pain, Keefe and colleagues demonstrated that patient catastrophizing was associated with greater receipt of instrumental support from the partner [57] . Moreover, partners of patients high in catastrophizing perceived the patient to be in greater pain. Another study demonstrated that pain catastrophizing was associated with both solicitousness and pain severity, and the association between pain and catastrophizing was most robust for those who resided with a spouse or partner [58] . Pain catastrophizing has also been associated with higher observer ratings of pain behaviors during acute cold pain [59] , suggesting that catastrophizers may engage in expressive pain behaviors to solicit supportive responses from others.
Pain catastrophizing has also been associated with exaggerated punishing and critical responses from spouses and partners [57, 60, 61] . Moreover, punishing responses have been shown to account for the relationship between pain catastrophizing and pain-related disability and depressed mood [61] , suggesting that expressions of pain elicited by pain catastrophizers, although aimed at soliciting supportive responses and relational proximity, may actually lead to relationship strain and negative interpersonal responses. An interesting moderation analysis by Cano helped to reconcile these seemingly divergent interpersonal consequences of pain catastrophizing [62] . Specifically, Cano's analysis suggested that pain catastrophizing is associated with supportive response among patients with short pain duration, but punishing/ negative responses among those with longer pain duration. A similar pattern of relations was also noted by Buenaver and colleagues [61] .
In addition, a study by Lackner and Gurtman, using a circumplex model of interpersonal behavior, showed that pain catastrophizing is associated with greater interpersonal problems involving friendly and submissive interactions (believed to indicate a high need and demand for support) [63] . The relation between interpersonal problems and pain catastrophizing remained significant even after statistically controlling for general symptomatic distress. These data suggest that pain catastrophizing is related to an interpersonal style characterized by submissiveness and high levels of dependency and support seeking. It was more recently shown that pain catastrophizing is associated with an insecure adult attachment style [64] . More specifically, pain catastrophizing was linked to beliefs that others will not provide support in times of distress. Pain catastrophizing, as well as fear of pain and hypervigilance to pain, were associated with perceptions of the self as incapable of coping with distress. These findings suggest that both self and other aspects of insecure attachment are related to catastrophizing.
CNS mechanisms
A handful of studies have examined whether pain catastrophizing is associated with alterations in endogenous pain modulation pathways. Indeed, Sullivan et al. postulated that the cognitiveaffective processes that comprise pain catastrophizing might amplify the experience of pain by increasing nociceptive transmission via spinal gating mechanisms [30] . However, several studies of the nociceptive flexion reflex, a polysynaptic spinal reflex that subserves withdrawal from potentially noxious stimuli, suggest that pain catastrophizing is not associated with nociceptive flexion reflex threshold [65] . By contrast, pain catastrophizing is associated with alterations in supraspinal endogenous pain-inhibitory and -facilitatory processes. Diffuse noxious inhibitory controls (DNICs) are a commonly used measure of endogenous descending pain inhibition. DNIC is a phenomenon in which the activity of pain-signaling neurons in the dorsal horn is attenuated in response to noxious stimuli applied to a remote site of the body. It is assessed by ascertaining pain ratings for a 'test' stimulus before and after application of a 'conditioning' stimulus. DNIC is quantified as a reduction in pain in the test stimulus over repeated trials with the conditioning stimulus. Recently, Weissman-Fogel et al. identified negative relationships between pain catastrophizing and DNIC, although these authors did not assess measures of negative affect or fear of pain [66] . Temporal summation or 'wind-up' is a commonly employed measure of pain facilitation, and it has been conceptualized as a psychophysical marker of central sensitization-like processes [67] . Temporal summation is assessed by administering repetitive, identical, phasic noxious stimuli. Typically, pain ratings increase across successive stimuli, reflecting a 'summation' process. Temporal summation is quantified as the difference between the highest-rated stimulus and the initial stimulus of a given sequence. A handful of studies using repetitive thermal stimulation have revealed correlations between pain catastrophizing and the degree of temporal summation [68] [69] [70] .
These findings suggest that pain catastrophizing might be associated with diminished endogenous inhibition of pain coupled with central sensitization, which may represent a CNS mechanism by which pain catastrophizing is associated with the development, maintenance and aggravation of persistent pain. The causal nature of these relationships remains to be determined, and will be an important area for future study. For instance, it is plausible that altered CNS mechanisms cause an individual to catastrophize about pain. Moreover, it will be crucial to determine whether relations between altered CNS pain modulation pathways are uniquely associated with pain catastrophizing, or whether it is held in common with negative affect or other negative pain-related cognitions.
Physiological pathways
Although investigation of the physiological consequences of catastrophizing is a relatively new area of study, some interesting data have surfaced that suggest that pain catastrophizing might be related to altered physiological responses to stress and pain. Aberrant patterns of muscle tension have received some initial investigation as potential meditational pathways [71, 72] . Based on Flor's [73, 74] notions of 'symptom-specificity,' it has been proposed that pain catastrophizing might be related to greater chronic low back pain severity and disability via specifically exaggerated muscular responses near the site of injury. Indeed, Quartana et al. showed that pain catastrophizing was positively correlated with lower paraspinal, but not trapezius muscle responses, to cold pain in a sample of chronic low back pain patients [71] . This relationship remained significant even after controlling for symptoms of depression. The relationship between catastrophizing and lower paraspinal or symptom-specific muscle responses to pain was augmented by efforts to suppress thoughts of pain. An interactive effect of pain catastrophizing and resting lower paraspinal muscle activity on clinical pain severity was also recently observed, such that pain catastrophizing was associated with greater clinical pain severity ratings most robustly for those with higher resting lower paraspinal muscle activity [72] .
Some data also suggest that pain catastrophizing is associated with altered hypothalamicpituitary-adrenal axis activity. In a sample of spinal pain patients scheduled for lumbar disc surgery, pain catastrophizing (in addition to other pain-related negative cognitive variables) was associated with less variability in diurnal cortisol activity [75] . In addition, a recent study by our group showed that pain catastrophizing (after controlling for general symptom distress and depression) was associated with greater interruption of the morning cortisol decline in response to a battery of experimental pain testing in samples of both pain-free subjects and patients with persistent orofacial pain [76] . Although these data suggest that pain catastrophizing might be associated with aberrant hypothalamic-pituitary-adrenal axis activity, the functional significance and robustness of these findings requires further study.
The arthritis literature has identified helplessness as a potentially important factor in shaping some measures of disease activity [31] , suggesting the possibility that pain catastrophizing might be related to altered neuroimmunologic responses to pain. Our group has recently shown positive correlations between state pain catastrophizing and IL-6 responses to experimental pain testing among healthy, pain-free participants (Quartana PJ et al., Manuscript Submitted). Although the possibility remains that pain catastrophizing influences pain via immunologic pathways, this area is need of further empirical study. Lastly, there is some initial data suggesting genetic factors associated with high pain sensitivity and development of temporomandibular disorder (TMD) pain (e.g., catechol-O-methyltransferase [77, 78] ), may act in a synergistic manner with pain catastrophizing to affect clinical pain severity [79, 80] .
Neural correlates
The advent of noninvasive brain imaging techniques has made possible the identification of various top-down and bottom-up neural circuits involved in the experience of pain, and hundreds of functional MRI studies have examined the brain's processing of pain-related information [81] . Over the past few years, several studies have also assessed the neural correlates of pain catastrophizing using functional neuroimaging during application of standardized pain stimuli. Given that pain catastrophizing is associated with exaggerated negative affective responses to pain, as well as maladaptive cognitive modulation of pain, investigators have focused particularly on those brain regions involved in processing and regulation of the unpleasantness dimension of pain [82] , and emotion more broadly [83] , such as the anterior cingulate cortex (ACC), and the dorsolateral and ventromedial prefrontal cortex.
Seminowicz and Davis found that during mild and intense pain, pain catastrophizing was not significantly associated with activation in primary or secondary somatosensory cortices [84] . During mild pain, pain catastrophizing was associated with exaggerated activity in the PFC, insular cortex and caudal ACC, suggesting exaggerated processing of the affective dimension of pain in particular. During more intense pain a somewhat different pattern emerged: pain catastrophizing was negatively associated with caudal ACC and insular cortex activity, possibly suggesting failure of activation of top-down inhibitory control in response to severe pain. Importantly, these associations were independent of neuroticism, a measure of dispositional negative affectivity that is highly correlated with pain catastrophizing.
A recent study showed a similar pattern of correlations using functional neuroimaging with painful and nonpainful thermal stimuli, but with measures of pain-related fear and anxiety sensitivity (a proxy for generalized anxiety or negative affect) and not pain catastrophizing per se [85] . The authors found that fear of pain correlated positively with pain-related activation in the ventral lateral PFC -believed to be involved in affect regulation -and the posterior ACC -believed to be involved in monitoring and evaluation of affective states in the context of stress and pain. This pattern of relations was not accounted for by generalized anxiety. These data suggest that fear of pain and pain catastrophizing are likely to activate highly overlapping neural circuits. Finally, in a study of fibromyalgia patients, Gracely and colleagues found that pain catastrophizing (after controlling for depression) was associated with activation of the dorsolateral prefrontal cortex, dorsal ACC, medial PFC and motor areas [86] .
These data suggest that pain catastrophizing, in both healthy volunteers and pain patients, is related to greater activity in areas implicated in affective processing of pain, attention to pain, and perhaps with premotor and motor regions associated pain behaviors. It is important to note, however, that these brain regions are broadly implicated in a variety of emotional and cognitive processes. Again, the uniqueness of these relations requires further assessment via studies that include not only a measure of catastrophizing, but other pain-related negative cognitive variables, such as fear of pain and pain anxiety.
Pain catastrophizing as a process variable in pain treatment outcomes
Given pain catastrophizing's consistent relations with pain-related outcomes, as well as with neural, physiological, cognitive, affective and interpersonal factors associated with pain and suffering, it follows that reductions in pain catastrophizing should be related to reductions in pain, disability and interpersonal discord among persons with persistent pain. Indeed, a core component of multidisciplinary pain treatment is often cognitive-behavioral techniques involving reducing catastrophizing and enhancing adaptive pain-coping skills. The use of such techniques is based on the well-documented notion that the manner in which a patient assesses their pain and contextual surroundings has a profound influence on pain, disability and emotional wellbeing [87] .
A number of studies have examined whether pain catastrophizing indeed is an active cognitive process variable in multidisciplinary pain treatment settings, and have shown that pre-to posttreatment reductions in cognitive process factors, including but not limited to pain catastrophizing, are associated with pre-to post-treatment reductions in pain severity [88] [89] [90] . Concerning pain catastrophizing specifically, Jensen et al. found that decreases in pain catastrophizing were associated with 6-and 12-month improvements in disability, pain intensity and depression in a heterogeneous sample of pain patients [91] . A more recent investigation by Jensen et al. found that increases in depression and disability from immediately post-treatment to 12-months post-treatment were associated concurrently with changes in pain beliefs and catastrophizing [92] . These data indicate that multidisciplinary pain treatment programs, of which cognitive-behavioral intervention is a core ingredient, can lead to reductions in pain catastrophizing concurrent with reductions in pain, disability and depression. Moreover, they highlight the fact that following treatment termination pain catastrophizing increases concurrently with depression and disability levels.
Although supportive of the idea that multidisciplinary pain treatment programs can decrease pain, disability and depression by way of reduction in pain catatastrophizing, the aforementioned studies were based on correlations between changes in cognitive process factors (e.g., pain catastrophizing) at one point in time with pain-related outcomes at the same point in time. Hence, it is not possible to conclude that reductions in pain catastrophizing preceded improvement in pain, disability and depression. Interestingly, results from an initial investigation in a heterogeneous pain population (predominantly low back pain) using a crosslagged panel design and analysis [93] indicated that pre-to mid-treatment changes in pain catastrophizing and pain helplessness predicted mid-to late-treatment changes in pain severity and pain-related interference, but not vice versa [94] . However, when depression was statistically controlled, only early treatment changes in pain helplessness predicted late treatment changes in pain outcomes, suggesting that early reductions in the helplessness dimension of catastrophizing might be most critical for later changes in pain-related outcomes. A follow-up study, however, showed that the lion's share of late treatment changes in pain outcomes were attributable to variance shared in common with early treatment changes in pain helplessness, pain anxiety and pain catastrophizing; that is, no one cognitive process factor emerged as a unique predictor of pain outcomes [95] . Moreover, analyses of magnitude of changes suggested that early treatment changes in cognitive process factors did not predict extensive (i.e., >1 standard deviation) late treatment improvements in pain. Nonetheless, these data suggest that changes in cognitive process variables, such as pain catastrophizing, precede changes in pain-related outcomes in the context of multidisciplinary pain treatment programs.
There has been a recent increase in the number of studies of pain catastrophizing as a process factor in clinical trials of stand-alone cognitive-behavioral therapy for pain-related disorders (e.g., TMD), as well as in the context of exposure-based therapy. Turner et al. observed significantly greater improvements in pain catastrophizing assessed with the CSQ and PCS among TMD patients that received pain management training (brief cognitive-behavioral therapy) compared with standard self-management care using both self-report and daily diary assessment methods [96, 97] . A subsequent analysis of those data revealed that changes in pain catastrophizing (as assessed with the CSQ), self-efficacy and pain beliefs (e.g., control over pain) mediated treatment-related changes in pain intensity and pain-related interference [98] . However, further analyses indicated that change in perceived control of pain -and not pain catastrophizing -accounted for the most variance in outcomes (65 vs 29%, respectively). Interestingly, changes in the rumination subscale of the PCS did not account for significant variance in outcomes.
In a very recent study of subacute low back pain patients that compared graded exposure/ activity plus basic physical therapy to traditional physical therapy, changes in pain intensity were associated with changes in pain catastrophizing at 6 months post-treatment, irrespective of treatment condition [99] . Similar findings were evident in a study comparing cognitivebehavioral therapy, an exercise-based behavioral intervention, and their combination in patients with chronic low back pain [100] . Even in the purely 'behavioral' treatment arm (i.e., regular aerobic exercise), reductions in pain catastrophizing at least partially mediated the reductions in disability and pain intensity achieved by the intervention. These data suggest that behavioral interventions absent of any explicit cognitive intervention are associated with concurrent changes in catastrophizing and pain intensity. The George et al. study also revealed that 6-month reductions in pain were associated with reductions in fear-avoidance beliefs [99] . Unique versus common contributions of these cognitive process variables were not examined. These data are consistent with dismantling studies conducted in the context of depression and anxiety disorders (of which catastrophizing is a core cognitive style), which have shown similar magnitude of immediate and long-term therapeutic effects of purely behavioral interventions versus cognitive plus behavioral interventions [101] .
Lastly, Quartana et al. employed cross-lagged panel analyses in a sample of musculoskeletal pain patients and found that pain helplessness (a dimension of pain catastrophizing) preceded transition from a precontemplative stance to a 'self-management' approach to pain symptoms, even controlling for early-and late-treatment changes in depressed affect [102] . Hence, early treatment changes in maladaptive pain schemas may need to take place before patients adopt adaptive self-management strategies, which are robustly related to improvements in pain and disability (Quartana PJ et al., Manuscript in Preparation) [103, 104] .
Taken together, these data suggest that treatment-associated reductions in pain catastrophizing, perhaps the helplessness dimension in particular, are associated with improvements in pain intensity, pain-related activity interference and disability. However, the specificity of this effect remains questionable. Specifically, whether changes in catastrophizing need to occur to yield beneficial outcomes, or whether change in other cognitive process factors (e.g., fear of pain) yields similar benefit is not fully understood and is in need of further study.
Expert commentary
The catastrophizing literature to date provides rather demonstrative evidence for the influence of catastrophizing in shaping emotional, functional and physiological responses to pain. At this point, in our view, enough evidence has accumulated to suggest that high levels of catastrophizing about pain should be considered a 'risk marker' for adverse immediate and long-term pain-related outcomes. Moreover, the apparent role of catastrophizing in contributing to the effectiveness of a variety of pain treatments, from multidisciplinary interventions to cognitive-behavioral therapy to exercise treatments (e.g., [99, 100] ), suggests that it may become a key target of many chronic pain management programs.
In order to advance the field of catastrophizing research, increasing the focus on several key areas will be important. First, assessment issues represent a barrier to furthering our understanding of this construct; catastrophizing has been assessed using global, retrospective self-report (e.g., the PCS), using situation-specific recall of catastrophizing cognitions during a recently-experienced, standardized pain episode and using diary assessment of moment-tomoment cognitions in daily life. In general, the associations between these measures of catastrophizing are modest, and it will be crucial to characterize the determinants and consequences of catastrophizing in particular contexts. Moreover, it is important to bear in mind that each of these assessment methods tells little, if anything, about the process of catastrophizing. The utilization of these self-report methods merely speaks to a cognitive product. Using paradigms that manipulate intensity of pain and concomitantly assess pain catastrophizing (i.e., product) and attentional bias (i.e., process) may shed additional light on the processes that characterize the catastrophizing construct.
Second, few studies comprehensively assess other negative emotional and cognitive processes that overlap (often substantially) with the construct of catastrophizing. It will be critical to place catastrophizing within the context of such other processes as fear of pain, pain-related anxiety, pain self-efficacy and somatization. Perhaps even more critical will be the determination of the uniqueness of the catastrophizing construct; that is, whether it accounts for clinically meaningful variance in a variety of pain-related and interpersonal outcomes above and beyond other purported pain-related cognitive, behavioral and affective process variables.
Third, a handful of mechanisms have been proposed to account for the effects of catastrophizing on outcomes, ranging in scope from the neurophysiological to interpersonal. Mechanistic studies of catastrophizing have predominantly focused on a unitary potential mechanism; however, the hypothesized pathways are not mutually exclusive, and future catastrophizing research would benefit from a more comprehensive consideration of multiple processes.
Finally, we recommend that researchers in the field of pain-related catastrophizing regain sight of the historical roots of catastrophizing. More specifically, the construct stems from a broader notion of catastrophizing in the context of psychiatric disorders such as major depression and generalized anxiety disorder. Although some have utilized methodologies and theoretical models advanced by basic psychopathology researchers to better understand the pain catastrophizing construct [48, 49, 51, 52, 105] , such an application is perhaps occurring at too deliberate a rate. For instance, there is only one published study that attempted a manipulation of pain catastrophizing to determine the construct's causal influence on pain experience [106] . These authors instructed participants to recite catastrophizing items taken directly from the PCS during a painful cold pressor task, and then reassessed catastrophizing following the cold pressor task. Although this method led to modest increases in pain catastrophizing, such changes were not associated with pain. Although this method is certainly face valid, it bears little on the processes purported to underlie pain catastrophizing and it is not possible to rule out the possibility that any changes in catastrophizing were because of experimental demand. Drawing from the psychopathology literature, there are more subtle manipulations available that bear more directly on purported catastrophizing processes and are much less susceptible to response bias and/or experimental demand. For instance, attentional training paradigms are being utilized to induce an anxiety-like information processing bias [107] and, conversely, to eliminate pre-existing information processing biases corresponding to high levels of anxiety [108, 109] . If catastrophizing is in part characterized by attentional bias directed toward threatening aspects of pain [46] [47] [48] [49] , then induction of such an attentional bias should lead to catastrophizing processes that in turn enhance subjective pain experience and, perhaps, underlying neurophysiological function. Conversely, investigators might consider training high catastrophizers to attend to less threatening information in the context of pain, in turn exerting salutary effects on responses to acute and clinical pain. In short, we strongly believe that continued application of well-founded paradigms from other literatures will further enhance our ability to characterize the pain catastrophizing construct and the processes by which it impinges upon pain and suffering.
Five-year view
Speculation regarding the direction of future catastrophizing research could potentially fill an entire review, but we anticipate some critical areas over the course of the next 5 years.
Application of well-validated experimental paradigms from other literatures, such as experimental psychopathology (e.g., [105] ), will continue in order to better understand the shared and unique determinants of pain catastrophizing on pain-related outcomes. In addition, use of multiple neuroimaging techniques will further characterize the neural underpinnings of catastrophizing, and the role of various neurotransmitter substances. For example, PET and magnetic resonance spectroscopy methodologies can be used to evaluate the activity of particular neurotransmitter systems in the brain under various experimental conditions. There will also be studies of the development and determinants of pain-related catastrophizing. For instance, we have only recently begun to evaluate potential genetic moderators of individual differences in catastrophizing [79, 80] , or the contribution of early life experiences, such as parenting styles, to the development of catastrophizing among children and adolescents [110] .
Assessment issues represent a barrier to furthering our understanding of catastrophizing. Consequently, we expect this field of research to benefit greatly from studies that utilize multicontextual assessment of catastrophizing (e.g., using daily diaries, spouse reports and application of standardized stress/pain tasks to elicit catastrophizing), and that place catastrophizing within the context of other related cognitive processes (e.g., attentional bias) in order to determine unique versus common contributions of catastrophizing to pain-related outcomes.
Finally, and most crucially, we believe that for the field to most readily advance will require explorations of interactive mechanisms involved in pain-related catastrophizing. To that end, we have advanced a heuristic model for the integrative study of pain catastrophizing ( Figure  2 ). This model explicitly notes and emphasizes possible inter-relationships between the aforementioned theoretical mediators and moderators of catastophizing's effects on pain and pain-related outcomes, such as disability and social networks. Importantly, we believe this model can most expediently advance the field by focusing hypotheses on multiple process and/ or moderating variables theoretically and/or conceptually related to catastrophizing. For instance, genetic polymorphisms might contribute to exaggerated inflammation, in turn leading to elevated levels of pain and so lead to a catastrophizing process and, ultimately, to sociallyobservable expressions of pain behaviors. As a second example, family history of chronic pain may lead to exaggerated threat perceptions (i.e., catastrophizing) for a child experiencing a painful episode (e.g., tonsillectomy), thereby leading to increased subjective pain experience and concomitant maladaptive neurophysiological responses. Utilization of a framework such as that illuminated in Figure 2 therefore has the potential to move researchers toward integrative versus piecemeal studies of pain catastrophizing, and in doing so circumvent potentially unhelpful debates over whether catastrophizing is an appraisal, a coping strategy or a maladaptive belief. It is most plausible that catastrophizing is an unfolding process [45] with multiple determinants (e.g., primary and secondary appraisals) and moderators (e.g., genetic polymorphisms, such as catechol-O-methyltransferase). We believe the coming years will yield exciting findings concerning not only pain catastrophizing, but other negative painrelated cognitive constructs, such as fear of pain, pain anxiety and pain helplessness. Such findings will no doubt lead to improved, perhaps even novel, therapeutic interventions for those suffering from chronic, often disabling, pain.
Key issues
• Pain catastrophizing stems from original conceptualizations of catastrophizing in the context of depressive and anxiety disorders advanced by Albert Ellis and Aaron Beck.
• Pain catastrophizing has been associated with a number of pain-related outcomes, including acute and chronic pain severity, altered CNS pain processing (e.g., diminished endogenous pain inhibition), exaggerated healthcare utilization, postsurgical pain outcomes and disability, and pain-related activity interference.
• Catastrophizers appear to attend most readily to pain-related stimuli and have a particularly pronounced inability to disengage cognitive resources from such stimuli.
• Catastrophizing behaviors appear to exert significant, and potentially deleterious, effects on a patient's support network. For example, longer durations of pain appear to exaggerate the relationship between pain catastrophizing and punishing responses from the spouse/significant other. Development of systematic behavioral assessments of catastrophizing would be timely.
• There are preliminary data suggesting that pain-related catastrophizing is associated with altered hypothalamic pituitary responses to pain and amplified activation in neural regions implicated in processing and regulation of affective components of pain (e.g., anterior cingulate cortex).
• Pain-related catastrophizing appears to represent a robust cognitive process variable in multidisciplinary pain treatment outcomes studies, as well as in cognitive behavioral and stand-alone physical therapy (i.e., behavioral) for chronic pain.
• Future studies will need to more rigorously explore the empirical distinctiveness of the pain catastrophizing construct apart from related constructs, such as fear of pain, as well as from more general constructs imbued with negative affectivity, such as depression, anxiety and neuroticism.
• Innovative assessment techniques that move beyond self-report, or that can augment self-report methods, need to be advanced so that the process of catastrophizing can be more readily characterized.
• Greater reliance on theory and methods employed by experimental psychopathology researchers may shed novel light on the processes that underlie the effects of catastrophizing on pain-related outcomes.
• For the field of pain catastrophizing research to advance will require a concerted effort to employ studies that aim to systematically and concurrently examine multiple proposed processes versus one process or another. Hierarchical factor structure of pain catastrophizing and corresponding Pain Catastrophizing Scale items. Theoretical conceptualizations of pain catastrophizing.
Conceptualization Details
Appraisal theory Pain catastrophizing is viewed as an appraisal process. Painful stimuli are appraised in a primary (magnification, rumination) and secondary (helplessness) fashion. Behavior is deployed based on this appraisal process Attention bias/information processing Pain catastrophizing is comprised of an information processing or attention bias to pain-related stimuli, particularly the negative affective or 'hot' dimensions of such stimuli Communal coping Pain catastrophizing is an interpersonal coping style that is used to solicit interpersonal support of a tangible and emotional nature CNS mechanisms Pain catastrophizing is associated with altered CNS processes, such as enhanced temporal summation, aberrant hypothalamic-pituitary-adrenal axis activity and altered cytokine responses to pain
Neural underpinnings Pain catastrophizing is associated with activation in brain regions implicated in processing of affective dimensions of pain; regions that are also implicated in the cognitive regulation of emotion and cognition (e.g., anterior cingulate cortex and ventromedial and dorsolateral prefrontal cortices)
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